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(54) FLEXIBLE BATTERIES FOR WEARABLE DEVICES

(57) A battery for powering a wearable device com-
prises a first cell, a second cell interconnected with the
first cell, and a connection electrically coupled between
the first cell and the second cell. The connection extends
from the first cell to the second cell along a first direction.
A length of the connection along the first direction is great-

er than a distance between the first cell and the second
cell. In some embodiments, the connection comprises a
folded structure configured to accommodate a dimen-
sional change of the battery when bending the wearable
device. A wearable device is also provided.
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Description

FIELD

[0001] The present application is related generally to
the field of energy storage devices, and in particular, to
flexible lithium ion batteries.

BACKGROUND

[0002] With the development of science and technol-
ogy, various electronic products emerge and are almost
indispensable in daily life. With advantages of high en-
ergy density, long cycle life, environmental friendliness
and reproductively, lithium ion batteries have been widely
used in various electronic products.
[0003] Batteries for wearable electronic devices re-
quire certain flexibility to fit the shape of the wearable
devices and to accommodate shape and/or volume
change when using the wearable device. Conventional
batteries with liquid electrolyte do not have sufficient flex-
ibility to meet the requirement of a wearable device. Bat-
teries with gel or solid electrolyte suffer from low energy
density and poor ion mobility. Accordingly, it would be
desirable to have batteries with high flexibility while main-
tain high energy and power density to accommodate the
need from the portable and wearable electronic devices.

SUMMARY

[0004] Conventional batteries with liquid electrolyte do
not have enough flexibility to satisfy the requirement of
wearable devices. Recent batteries with solid or gel elec-
trolyte may improve the flexibility, however the electro-
chemical performance is low due to the poor ion mobility
in the solid and gel electrolyte materials. An object of the
present application is to provide a flexible battery formed
by joining conventional cells using flexible connections
in between. A flexible connection may have a folded
structure that is bendable to a certain curvature to fit the
shape change when using the wearable device. Such
lithium ion battery can provide flexibility to power various
wearable devices with improved energy density, reliabil-
ity, and safety after many cycles.
[0005] According to an aspect of the present applica-
tion, a battery for powering a wearable device includes
a first cell, a second cell interconnected with the first cell,
and a connection electrically coupled between the first
cell and the second cell. The connection extends from
the first cell to the second cell along a first direction. A
length of the connection along the first direction is greater
than a distance between the first cell and the second cell.
[0006] In some embodiments, the connection includes
a folded structure configured to accommodate a dimen-
sional change.
[0007] In some embodiments, the connection includes
a connection current collector.
[0008] In some embodiments, the connection includes

a first connection current collector, a separator, and a
second connection current collector that are stacked on
each other along a second direction perpendicular to the
first direction.
[0009] In some embodiments, the first cell includes: a
first electrode including a first current collector and a first
active material coated on a surface of the first current
collector; and a second electrode opposite to the first
electrode and including a second current collector and a
second active material coated on a surface of the second
current collector; and the second cell includes: a third
electrode including a third current collector and a third
active material coated on a surface of the third current
collector; and a fourth electrode opposite to the third elec-
trode and including a fourth current collector and a fourth
active material coated on a surface of the fourth current
collector.
[0010] In some embodiments, the first current collec-
tor, the first connection current collector, and the third
current collector are electrically connected.
[0011] In some embodiments, the connection includes
a porous structure.
[0012] In some embodiments, the connection includes
one or more strips extending from the first cell to the
second cell, wherein the one or more strips are parallel
to each other along the first direction.
[0013] In some embodiments, the connection includes
a connection packaging film, greater than the distance
between the first cell and the second cell.
[0014] In some embodiments, at least one of the first
cell and the second cell has an arc structure.
[0015] In some embodiments, the connection includes
a tab.
[0016] In some embodiments, the connection includes
a concave structure that is thinner than the first cell and
the second cell.
[0017] In some embodiments, the first cell includes a
stacking cell.
[0018] In some embodiments, the first cell includes a
jelly-roll cell.
[0019] According to another aspect of the present ap-
plication, a wearable device includes: a battery according
to the above embodiments; and a bendable part, the con-
nection of the battery being located at the bendable part.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are includ-
ed to provide a further understanding of the embodiments
and are incorporated herein and constitute a part of the
specification, illustrate the described embodiments and
together with the description serve to explain the under-
lying principles. Like reference numerals refer to corre-
sponding parts.

Figure 1A is a schematic diagram of a first electrode,
a separator, and a second electrode for making a
flexible battery, in accordance with some embodi-
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ments.
Figure 1B is a cross-sectional view of a flexible bat-
tery, in accordance with some embodiments.
Figure 1C is a perspective view of a flexible battery,
in accordance with some embodiments.
Figure 1D illustrates an exemplary method of forming
a curved battery to accommodate a shape of a wear-
able device, in accordance with some embodiments.
Figure 1E is a schematic diagram of a curved battery,
in accordance with some embodiments.
Figure 1F is a schematic diagram illustrating a wear-
able device contains a curved battery, in accordance
with some embodiments.
Figure 2A is a schematic diagram of a first electrode,
a separator, and a second electrode for making a
flexible battery having two tabs on the same side, in
accordance with some embodiments.
Figures 2B and 2C include a cross-sectional view
and a perspective view of a flexible battery having
two tabs on the same side, in accordance with some
embodiments.
Figure 3A is a schematic diagram of a first electrode,
a separator, and a second electrode for making a
flexible battery having two tabs on two opposite
ends, in accordance with some embodiments.
Figure 3B includes a cross-sectional view of a flex-
ible battery having two tabs on two opposite ends,
in accordance with some embodiments.
Figure 4A is a schematic diagram a first electrode,
a separator, and a second electrode for making a
flexible battery including multiple flexible connec-
tions, in accordance with some embodiments.
Figure 4B is a schematic diagram of a flexible battery
including multiple flexible connections, each of which
respectively disposed between adjacent cells, in ac-
cordance with some embodiments.
Figure 4C is a schematic diagram of a curved battery,
in accordance with some embodiments.
Figure 4D is a schematic diagram of a flexible battery
including a plurality of flexible connections and more
than one pair of tabs, in accordance with some em-
bodiments.
Figures 5A-5B are schematic diagrams of custom-
ized electrodes for flexible batteries, in accordance
with some embodiments.
Figure 6A is a schematic diagram illustrating a flex-
ible battery including a plurality of cells that are in-
terconnected by flexible connections, in accordance
with some embodiments.
Figure 6B is a schematic diagram illustrating a wear-
able device including a plurality of flexible batteries.

DETAILED DESCRIPTION

[0021] Reference will now be made in detail to specific
embodiments, examples of which are illustrated in the
accompanying drawings. In the following detailed de-
scription, numerous non-limiting specific details are set

forth in order to assist in understanding the subject matter
presented herein. But it will be apparent to one of ordinary
skill in the art that various alternatives may be used with-
out departing from the scope of claims and the subject
matter may be practiced without these specific details.
For example, it will be apparent to one of ordinary skill in
the art that the subject matter presented herein can be
implemented on many types of energy storage devices,
such as batteries. The terms "front", "behind", "left",
"right", "upper" and "lower" described in the present ap-
plication are given with reference to the state where a
lithium ion electric roll is disposed in the accompanying
drawings.
[0022] Figure 1A is a schematic structural diagram of
a first electrode 100, a separator film 118, and a second
electrode 110 for making a flexible (also "bendable," or
"curved") battery, in accordance with some embodi-
ments. In some embodiments, the first electrode 100 in-
cludes a plurality of segments, including a first coated
segment 105 and a second coated segment 109 inter-
connected by an uncoated segment 106 between the
first and second segments. The first coated segment 105,
the uncoated segment 106, and the second coated seg-
ment 109 are sequentially disposed along X direction. In
some embodiments, the first coated segment 105 and
the second coated segment 109 of the first electrode 100
are formed by coating first active material 122 (Figure
1B) on one surface (i.e., the surface facing the second
electrode 110) or both surfaces of a first current collector
104. In some embodiments, the uncoated segment 106
corresponds to an uncoated (e.g., bare) portion of the
first current collector 104. In some embodiments, the first
electrode 100 further includes a tab 107 (also referred to
as "a terminal" or "a contact"). In one example, the tab
107 is attached to the uncoated segment 106. In another
example, the tab 107 is a part of the current collector 104
that is connected to the uncoated segment 106 and pre-
served from a metal sheet when cutting the first current
collector 104 out from the metal sheet.
[0023] In some embodiments, the second electrode
110 includes a plurality of segments, including a first coat-
ed segment 115 and a second coated segment 119 in-
terconnected by an uncoated segment 116 between the
first and second segments. The first coated segment 115,
the uncoated segment 116, and the second coated seg-
ment 119 are sequentially disposed along X direction. In
some embodiments, the first coated segment 115 and
the second coated segment 119 of the second electrode
110 are formed by coating second active material 124
(Figure 1B) on one surface (i.e., the surface facing the
first electrode 100) or both surfaces of a second current
collector 114. The uncoated segment 116 corresponds
to an uncoated (e.g., bare) portion of the second current
collector 114. In some embodiments, the second elec-
trode 110 further includes a tab 117. In one example, the
tab 117 is attached to the uncoated segment 116. In an-
other example, the tab 117 is a part of the current collector
114 that is connected to the uncoated segment 116 and
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preserved from a metal sheet when cutting the second
current collector 114 out from the metal sheet. In some
embodiments, the tab 107 and the tab 117 are disposed
on opposite sides of the battery 140 and extend towards
opposite directions as illustrated in Figures 1A-1C. In
some embodiments, the tabs do not overlap along the
thickness dimension.
[0024] In some embodiments, the first electrode 100
as discussed in Figures 1A-1B is a cathode, and the sec-
ond electrode 110 is an anode of the battery 140. Alter-
natively, the first electrode 100 is an anode and the first
electrode 110 is a cathode of the battery 140.
[0025] Figures 1B-1C are cross-sectional view and
perspective view of the battery 140 respectively, in ac-
cordance with some embodiments. In some embodi-
ments as shown in Figure 1B, the battery 140 includes
a first cell 102 and a second cell 103 interconnected via
a connection 126. In some embodiments, the connection
126 is disposed between the first cell 102 and the second
cell 103 along X direction and is electrically coupled be-
tween the first cell 102 and the second cell 103. For each
of the first cell 102 and the second cell 103, electrolyte
(not shown) is disposed between the two electrodes. In
some embodiments, a packaging film 130 is used to seal
and package the battery 140.
[0026] In some embodiments, the second cell 103 in-
cludes a third electrode and a fourth electrode. The third
electrode includes a third current collector and a third
active material coated on a surface of the third current
collector. The fourth electrode is opposite to the third
electrode, and includes a fourth current collector and a
fourth active material coated on a surface of the fourth
current collector. And in some embodiments, the first cur-
rent collector 104, the first connection current collector,
and the third current collector are electrically connected.
In some embodiments, the third electrode may adopt a
same configuration with the first electrode 100, the fourth
electrode may adopt a same configuration with the sec-
ond electrode 110, as illustrated in Figure 1B.
[0027] In some embodiments, the battery 140 is
formed by sequentially stacking the first electrode 100,
the separator 118, and the second electrode 110 along
Y direction as illustrated in Figure 1A. In some embodi-
ments, the first cell 102 includes the first segment 105 of
the first electrode 100, the first segment 115 of the second
electrode 110, and a portion of the separator 118 and
electrolyte disposed between the first and second elec-
trodes. The second cell 103 includes the second segment
109 of the first electrode 100, the second segment 119
of the second electrode 110, and a portion of the sepa-
rator 118 and electrolyte disposed between the first and
second electrodes. In some embodiments, the connec-
tion 126 includes the uncoated segment 106 of the first
electrode 100, the uncoated segment 116 of the second
electrode 110, and a portion of the separator 118 dis-
posed in-between. In some embodiments, the uncoated
segments 106 and 116 at the connection 126 are also
referred to as "connection current collectors." In some

embodiments, the connection 126 may or may not in-
clude electrolyte. In some embodiments, the connection
126 is thinner than the first cell 102 or the second cell 103.
[0028] In some embodiments, the uncoated anode cur-
rent collector selected from the uncoated segments 106
and 116 of the first and second electrodes respectively
has a smaller area than the uncoated cathode current
collectors between the uncoated segments 106 and 116.
In some embodiments in one cell, the coated anode seg-
ment (e.g., selected from the coated segments 105 and
115) has a bigger area than the coated cathode segment
(e.g., between the coated segments 105 and 115) within
the same cell. In some embodiments, the total uncoated
area on an electrode, e.g., including one or more uncoat-
ed segments such as uncoated segment 106, takes up
less than 50% area of the entire current collector of the
electrode.
[0029] In some embodiments, the connection 126 in-
cludes one or two uncoated current collectors (e.g., cath-
ode current collector and/or anode current collector). In
some other embodiments, the connection 126 includes
one or two current collectors (e.g., cathode current col-
lector and/or anode current collector) that are coated with
active materials on only one surface of each current col-
lector. In yet some other embodiments, the connection
126 includes one or two current collectors (e.g., cathode
current collector and/or anode current collector) that are
coated with active materials on both surfaces of each
current collector.
[0030] In some embodiments as illustrated in Figures
1A-1C, a length 1 of the connection 126 (e.g., the length
of the uncoated or coated current collector in its original
straightened and flattened state without folds, creases,
or deformation to the material as shown in Figure 1A)
along the X direction is longer than a distance d between
the first cell 102 and the second cell 103 in the packaged
battery 140 as illustrated in Figure 1B (e.g., without bend-
ing, stretching, or twisting the battery). In some embod-
iments as illustrated in Figures 1B and 1C, the uncoated
current collectors 106 and 116, the separator 118, and
the packaging film 130 at the connection area 126 has
folded structures that are configured to accommodate a
dimensional change of the battery 140. For example,
when the battery 140 deforms, such as bending (e.g., as
illustrated in Figure 1D below), stretching, or slightly ro-
tating (e.g., the first cell 102 and the second cell 103
rotate along opposite directions), the folded structures of
the connection 126 can bend, stretch, or twist accordingly
to accommodate the shape and/or volume change with-
out bringing mechanical or electrical failures, or plastic
deformation to the materials of the battery 140.
[0031] In some embodiments, the cathode current col-
lector comprises an aluminium (Al) sheet, and the anode
current collector comprises a copper (Cu) sheet. In some
embodiments, each of the cathode current collector and
the anode current collector is bendable and has a thick-
ness in a range from about 100 nm to about 5000 mm.
In some embodiments, the materials and the design of
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the cathode current collector and the anode current col-
lector provide sufficient strength to withstand an applied
load to bend the battery without causing failure or plastic
deformation to the materials. In some embodiments, the
coated current collectors within the packaged battery can
bend and hold a certain curvature to accommodate the
shape of a wearable electronic device.
[0032] In some embodiments, the cathode active ma-
terial includes a material or a mixture of two or more ma-
terials selected from LiCoO2, LiNiO2, LiMn2O4, LiFePO4,
LiMnPO4, LiCoPO4, Li2MxMn4-xO8 (M = Fe, Co), MnO2,
V2O5, TiS2, and MoS2. In some embodiments, the anode
active material includes one material or a mixture of two
or more materials selected from carbon-based anode
(e.g., graphite, graphene, carbon nanotubes, carbon na-
nowires, etc.), tin(Sn)-based anode (e.g., SnO2, Sn-
based composites, Sn-based compounds, Sn-based al-
loys), silicon(Si)-based anode (e.g., SiO2, Si-based com-
posites, Si-based compounds), titanium oxide (TiO2), Ti-
based alloys, lithium metal (Li), and iron oxide (Fe2O3,
Fe3O4, etc.). The compatibilities of working voltages and
chemistry between the cathode and the anode may also
be considered when selecting the cathode active material
and the anode active material for a lithium ion battery. In
some embodiments, the cathode active material and the
anode active material have particle sizes in a range from
a few nanometers (nm) to a few hundreds of micrometres
(mm). In some embodiments, the cathode and anode ac-
tive materials have various particle shapes, such as na-
noparticles, nanotubes, nanopowders, nanoballs, nano-
flakes, nanowires, etc. In some embodiments, the active
material is mixed with additives and binders to form a
paste which is then coated on the corresponding current
collector to form the corresponding electrode. In some
other embodiments, the active material can be deposited
onto the corresponding current collector using any suit-
able method, such as chemical vapour deposition (CVD),
physical vapour deposition (PVD), pulsed laser deposi-
tion (PLD), magnetron sputtering deposition, electro-
chemical depo, epitaxial growth, spin coating method,
etc.
[0033] In some embodiments, the separator 118 is
made of one or more materials selected from polyethyl-
ene, polypropylene, polyethylene terephthalate, polyim-
ide, and aramid. For example, polyethylene for the sep-
arator can be high-density polyethylene, low-density pol-
yethylene, or polyethylene with ultra-high molecular
weight. Polyethylene separator and polypropylene sep-
arator can effectively prevent short-circuit between the
cathode current collector and the anode current collector
and thus improve stability and cycle performance of the
battery. In some embodiments, one or both surfaces of
the separator is porous, and the porous layer includes
inorganic particles and binders. In some embodiments,
the inorganic particles include one or more inorganic
compounds selected from aluminum oxide (Al2O3), sili-
con oxide (SiO2), magnesium oxide (MgO), titanium ox-
ide (TiO2), hafnium dioxide (HfO2), tin oxide (SnO2), ce-

rium oxide (CeO2), nickel oxide (NiO), zinc oxide (ZnO),
calcium oxide (CaO), zirconium oxide (ZrO2), yttrium ox-
ide (Y2O3), silicon carbide (SiC), boehmite, aluminum hy-
droxide, magnesium hydroxide, calcium hydroxide, and
barium sulfate. In some embodiments, the binders in-
clude one or more types of materials selected from pol-
yvinylidene fluoride, vinylidene fluoride-hexafluoropro-
pylene copolymer, polyamide, polyacrylonitrile, polyacr-
ylate, polyacrylic acid, carboxymethylcellulose sodium,
polyvinyl pyrrolidone, polyethylene, polymethylmethacr-
ylate, polytetrafluoroethylene, and polyhexafluoropropyl-
ene. The porous surface can improve thermal resistance
and oxidation resistance of the separator. The porous
surface can also have an improved electrolyte infiltration
effect to provide a better contact between the separator
and the cathode and anode,
[0034] In some embodiments, the battery 140 includes
an electrolyte (not shown) disposed between the cathode
and the anode. In some embodiments, the battery 140
can use a liquid electrolyte, a gel electrolyte, or a solid
electrolyte. The liquid electrolyte can be one or more lith-
ium-based salts selected from LiPF6, LiBF4, LiAsF6,
LiClO4, LiB(C6H5)4, LiCH3SO3, LiCF3SO3,
LiN(SO2CF3)2. LiC(SO2CF3)3, LiSiF6, LiBO and LIODFB
dissolved in a nonaqueous solvent.
[0035] The nonaqueous solvent may include a carbon-
ate ester compound, a carboxylic acid compound, an
ether compound, other suitable organic solvent, or a
combination thereof. In some embodiments, the carbon-
ate ester compound may be a chain carbonate com-
pound, a cyclic carbonate compound, a fluorocarbonate
compound, or a combination thereof. Examples of chain
carbonate compounds include diethyl carbonate (DEC),
dimethyl carbonate (DMC), dipropyl carbonate (DPC),
methylpropyl carbonate (MPC), ethylene carbonate
(EPC), carbonic acid ethyl acetate (MEC), and combina-
tions thereof. Examples of cyclic carbonate compounds
include ethylene carbonate (EC), propylene carbonate
(PC), butylene carbonate (BC), vinyl ethylene carbonate
(VEC), and combinations thereof. Examples of fluorocar-
bonate compounds include fluoroethylene carbonate
(FEC), 1,2-difluoroethylene carbonate, 1,1-difluoroethyl-
ene carbonate, and 1,1,2-tricarboxylic acid, fluoroethyl-
ene, 1,1,2,2-tetrafluoroethylene carbonate, 1-fluoro-2-
methylethyl carbonate, 1-fluoro-1-methyl-ethylene car-
bonate, carbonic acid 1,2 - Difluoro-1-methylethylene,
1,1,2-trifluoro-2-methylethyl carbonate, trifluoromethyl
ethylene carbonate, and combinations thereof. Exam-
ples of carboxylic acid ester compounds include methyl
acetate, ethyl acetate, n-propyl acetate, tert-butyl ace-
tate, methyl propionate, ethyl propionate, γ-butyrolac-
tone, terpene lactone, valerolactone, DL-mevalonic acid
lactone, caprolactone, methyl formate, and combinations
thereof. Examples of ether compounds include dibutyl
ether, tetraethylene glycol dimethyl ether, diethylene gly-
col dimethyl ether, 1,2-dimethoxyethane, 1,2-diethox-
yethane, and ethoxymethoxyethane, 2-methyltetrahy-
drofuran, tetrahydrofuran and combinations thereof. Ex-
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amples of other organic solvents include dimethyl sulfox-
ide, 1,2-dioxolane, sulfolane, methyl sulfolane, 1,3-dime-
thyl-2-imidazolidinone, N-methyl-2-pyrrolidone, Forma-
mide, dimethylformamide, acetonitrile, trimethyl phos-
phate, triethyl phosphate, trioctyl phosphate, phosphate
esters, and combinations thereof.
[0036] In some embodiments, the packaging material
130 includes three layers. In some embodiments, the in-
ner layer (closest to the electrodes) is made of a polymer
material such as polypropylene. The outer layer may be
made of a polymer material such as nylon. In some em-
bodiments, the middle layer disposed between the inner
layer and the outer layer is a metal layer, such as an
aluminum (Al) or a stainless steel sheet.
[0037] Figure ID illustrates an exemplary method of
shaping a curved battery (e.g., a flexible battery) to ac-
commodate a shape of a wearable device. Figure IE il-
lustrates a curved battery 170 formed using the method
of Figure ID. Figure IF is a schematic diagram illustrating
a wearable device 180 that contains the curved battery
170, in accordance with some embodiments. In some
embodiments, the curved battery is formed by a die forg-
ing process (e.g., or a metal pressing) as illustrated in
Figure ID. In some embodiments, one or more dies are
used to shape the battery. In some embodiments, the
battery 140 may be heated to a certain temperature dur-
ing the bending process (wherein the temperature does
not cause electrochemical and/or material failure of the
battery 140). For example, as shown in Figure ID, the
packaged battery 140 (Figures 1B-1C) is placed between
a concaved shaped die 152 (e.g., an arc) and a convex
shaped die 150, and a predetermined pressure or force
is applied to bend the battery to have a certain curvature.
[0038] In some embodiments as illustrated in Figure
IE, after the shaping process, the connection 126 is bend-
ed, and the first and second cells 102 and 103 are also
bended to have a certain curvature. In some embodi-
ments, the curvature is predetermined in accordance with
the shape of the wearable device (e.g., the wearable de-
vice 180, Figure 1F), which is powered by the curved
battery 170. In some embodiments as discussed above,
the connection 126 is flexible (e.g., bendable) during use
of the wearable device. For example, the connection 126
is located at the bendable part 182 of the wearable device
180, such that the connection 126 can bend to a certain
degree to make it more convenient for the user to put on
and take off the wearable device 180 through bending
the part 182.
[0039] In some embodiments, the wearable device 180
includes, but is not limited to, a head-mounted display,
a piece of clothing, a smart watch, a smart ring, a smart
band, a pair of glasses/goggles, etc. The wearable device
180 can be used for a gaming device, a medical device,
a personal fitness tracker, or a sports tracker, etc.
[0040] Figure 2A is a schematic diagram of a first elec-
trode 200, a separator 218, and a second electrode 210
for making a flexible battery, in accordance with some
embodiments. In some embodiments, the first electrode

200, the separator 218, and the second electrode 210
are substantially similar to the first electrode 100, the
separator 118, and the second electrode 110 respective-
ly, as discussed with reference to Figure 1A. In some
embodiments, a first tab 207 on the first electrode 200
and a second tab 217 on the second electrode 210 are
disposed on the same side of the battery 240 (Figures
2B-2C) and extend towards the same direction as illus-
trated in Figures 2A-2C.
[0041] Figures 2B and 2C includes a cross-sectional
view and a perspective view of a flexible battery 240, in
accordance with some embodiments. In some embodi-
ments, the flexible battery 240 includes a first cell 202
and a second cell 203 interconnected via a connection
226. In some embodiments, the first cell 202, the con-
nection 226, and the second cell 203 are substantially
similar to the first cell 102, the connection 126, and the
second cell 103 of the flexible battery 140 as discussed
with reference to Figures 1B-1C. In some embodiments,
the tabs 207 and 217 are disposed on the same side of
the battery 240 and extend towards the same direction
as illustrated in Figures 2A-2C.
[0042] Figure 3A is a schematic diagram of a first elec-
trode 300, a separator 318, and a second electrode 310
for making a flexible battery 340, in accordance with
some embodiments. In some embodiments, the first elec-
trode 300, the separator 318, and the second electrode
310 are substantially similar to the first electrode 100,
the separator 118, and the second electrode 110 respec-
tively, as discussed with reference to Figure 1A. In some
embodiments, a first tab 307 on the first electrode 300
and a second tab 317 on the second electrode 310 are
disposed on opposite ends (along X direction) of the bat-
tery 340 (Figure 3B) and extend towards opposite direc-
tions as illustrated in Figures 3A-3B.
[0043] Figure 3B includes a cross-sectional view of the
flexible battery 340, in accordance with some embodi-
ments. In some embodiments, the flexible battery 340
includes a first cell 302 and a second cell 303 intercon-
nected via a connection 326. In some embodiments, the
first cell 302, the connection 326, and the second cell
303 are substantially similar to the first cell 102, the con-
nection 126, and the second cell 103 of the flexible battery
140 as discussed with reference to Figures 1B-1C. In
some embodiments, the tabs 307 and 317 are disposed
on opposite ends (along X direction) of the battery 340
and extend towards opposite directions as illustrated in
Figures 3A-3B.
[0044] Figure 4A is a schematic diagram a first elec-
trode 400, a separator 418, and a second electrode 410
for making a flexible battery. In some embodiments, the
first electrode 400 (e.g., cathode or anode) includes more
than two coated segments, each of which is similar to
the coated segment 105 (Figure 1A), and the second
electrode 410 (e.g., anode or cathode opposite to the
first electrode 400) includes more than two coated seg-
ments, each of which is similar to the coated segment
115 (Figure 1A). In some embodiments, the first elec-
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trode 400 includes more than one uncoated segment
(e.g., uncoated current collector) that is similar to the un-
coated segment 106 (Figure 1A). Similarly, the second
electrode 410 includes more than one uncoated segment
that is similar to the uncoated segment 116 (Figure 1A).
[0045] Figure 4B is a schematic diagram of a flexible
battery 440 including multiple flexible connections 426,
each of which respectively disposed between adjacent
cells 402, in accordance with some embodiments. In
some embodiments, the flexible battery 440 includes
more than two cells 402 interconnected via flexible con-
nections 426. In some embodiments, the cell 402 and
the connection 426 are substantially similar to the cell
102 and the connection 126 of the flexible battery 140
as discussed with reference to Figures 1B-1C. The flex-
ible battery 440 is also sealed and packaged. In some
embodiments, the increased number of flexible connec-
tions 426 within the flexible battery 440 can substantially
improve the flexibility of the battery 440.
[0046] Figure 4C is a schematic diagram of a curved
battery 470, in accordance with some embodiments.
Specifically, the curved battery 470 may include a first
curved cell 402, a second curved cell 402 and a connec-
tion 426, the second curved cell is interconnected with
the first curved cell 402, and the connection 426 is elec-
trically coupled between the first curved cell and the sec-
ond curved cell, wherein the connection 426 has a folded
structure that is bendable. In some embodiments, the
curved battery 470 is formed using the die forging proc-
ess as shown in Figure 1D. For example, the packaged
battery 440 is placed between a concaved shaped die
and a convex shaped die as shown in Figure 1D, and a
predetermined pressure or force is applied to bend the
battery to have a certain curvature. In some embodi-
ments, the multiple flexible connections 426 of the curved
battery 470 can further bend to certain degrees as need-
ed by the user when using the wearable device.
[0047] In some embodiments as shown in Figures 4A
and 4C, the tabs 407 and 417 are similar to the tabs 107
and 117 respectively (Figure 1A), and they are disposed
on opposite sides of the corresponding electrode and
pointing to opposite directions. In some other embodi-
ments, the tabs 408 and 418 are disposed on the same
side of the battery 440 (Figure 4B) and extend towards
the same direction as illustrated in Figure 4B.
[0048] Figure 4D is a schematic diagram of a flexible
battery 480 including a plurality of flexible connections
486 and a plurality of pairs of tabs, in accordance with
some embodiments. The plurality pairs of the tabs can
be disposed on the same side of the electrode or opposite
sides of the electrode. In some embodiments, the plural-
ity of pairs of tabs can improve the power density of the
battery 480 such that the battery 480 can have high per-
formance when discharged at a fast discharging rate.
[0049] Figures 5A-5B are schematic diagrams of cus-
tomized electrodes for flexible batteries, in accordance
with some embodiments. In some embodiments, as il-
lustrated in Figure 5A, the electrode (e.g., the current

collector) 500 has a customized shape that fits in the
wearable device. For example, the electrode 500 may
be in rectangular shape, square shape, triangular shape,
other regular polygons, or asymmetrical polygons. As
discussed with reference to Figure 4A, the electrode 500
may have a plurality of coated segments that are con-
nected via multiple flexible connections respectively to
improve the flexibility of the electrode 500.
[0050] Figure 5B is a schematic diagram of a first elec-
trode 522, a separator 530, and a second electrode 524
for making a flexible battery, in accordance with some
embodiments. In some embodiments, the first electrode
522, the separator 530, and the second electrode 524
are made of substantially similar materials as the first
electrode 100, the separator 118, and the second elec-
trode 110 respectively, as discussed with reference to
Figure 1A. In some embodiments as shown in Figure 5B,
the connection 526 of the first electrode 522 and the con-
nection 528 of the second electrode 524 may each in-
cludes a porous structure to further improve the flexibility
of the respective electrodes. The tabs may be disposed
on the same side or opposite sides of the electrodes.
[0051] In some embodiments, the connection may
comprise one or more strips (not shown) connecting a
first cell 532 with a second cell 534. In some embodi-
ments, the one or more strips are electrical conducting.
In some embodiments, the one or more strips are parallel
to each other along X direction. In some embodiments,
the one or more strips may be portions of the uncoated
current collectors (e.g., cathode current collector and/or
anode current collector). The number, width, and length
of the one or more strips may be selected in accordance
with a degree of flexibility (e.g., a range of degrees of
bending) required when using the wearable device.
[0052] Figure 6A is a schematic diagram illustrating a
flexible battery 600 including a plurality of cells 602 that
are interconnected by flexible connections 604, in ac-
cordance with some embodiments. In some embodi-
ment, each cell 602 comprises a stacking cell 610, such
as a bi-cell stacking cell or a z-shaped stacking cell. Al-
ternatively, each cell 602 comprises a jelly-roll cell 620.
In some embodiments, each electrode within a cell may
include a tab. Thus a stacking cell 610 or a rolling cell
620 may include a plurality of pairs of tabs as shown in
Figure 6A. In some embodiments, the flexible battery 600
with a stacking or rolling structure that have a plurality of
tabs can provide high energy density and high power
density to power the wearable device.
[0053] Figure 6B is a schematic diagram illustrating a
wearable device 630 including a plurality of flexible bat-
teries 640. In some embodiments, each flexible battery
640 is substantially similar to the flexible battery 140 as
discussed with reference to Figure 1C. In some embod-
iments, one or more flexible batteries 640 are distributed
at one or more curved portions 632 of the wearable de-
vice 630.
[0054] As illustrated herein, a flexible battery includes
a plurality of customized (e.g., curved) cells that are in-
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terconnected by one or more flexible connections. In
some examples, a flexible connection includes a folded
structure that can bend, stretch, or twist without bringing
mechanical or electrical failures, or plastic deformation
to the materials of the flexible battery. Such flexible bat-
tery can be used to power a wearable and bendable de-
vice.
[0055] The terminology used in the description of the
embodiments herein is for the purpose of describing par-
ticular embodiments only and is not intended to limit the
scope of claims. As used in the description of the em-
bodiments and the appended claims, the singular forms
"a," "an," and "the" are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It
will also be understood that the term "and/or" as used
herein refers to and encompasses any and all possible
combinations of one or more of the associated listed
items. It will be further understood that the terms "com-
prises" and/or "comprising," when used in this specifica-
tion, specify the presence of stated features, elements,
and/or components, but do not preclude the presence or
addition of one or more other features, elements, com-
ponents, and/or groups thereof.
[0056] It will also be understood that, although the
terms first, second, etc. may be used herein to describe
various elements, these elements should not be limited
by these terms. These terms are only used to distinguish
one element from another. For example, a first electrode
could be termed a second electrode, and, similarly, a
second electrode could be termed a first electrode, with-
out departing from the scope of the embodiments. The
first electrode and the second electrode are both elec-
trodes, but they are not the same electrode.
[0057] The description of the present application has
been presented for purposes of illustration and descrip-
tion, and is not intended to be exhaustive or limited to
the invention in the form disclosed. Many modifications,
variations, and alternative embodiments will be apparent
to those of ordinary skill in the art having the benefit of
the teachings presented in the foregoing descriptions and
the associated drawings. The embodiment was chosen
and described in order to best explain the principles of
the invention, the practical application, and to enable oth-
ers skilled in the art to understand the invention for var-
ious embodiments and to best utilize the underlying prin-
ciples and various embodiments with various modifica-
tions as are suited to the particular use contemplated.
Therefore, it is to be understood that the scope of claims
is not to be limited to the specific examples of the em-
bodiments disclosed and that modifications and other
embodiments are intended to be included within the
scope of the appended claims.

Claims

1. A battery (140), comprising:

a first cell (102);
a second cell (103) interconnected with the first
cell (102); and
a connection (126) electrically coupled between
the first cell (102) and the second cell (103), the
connection (126) extending from the first cell
(102) to the second cell (103) along a first direc-
tion,
wherein a length of the connection (126) along
the first direction is greater than a distance be-
tween the first cell (102) and the second cell
(103).

2. The battery (140) of claim 1, wherein the connection
(126) comprises a folded structure configured to ac-
commodate a dimensional change.

3. The battery (140) of claim 1 or 2, wherein the con-
nection (126) comprises a connection current collec-
tor.

4. The battery (140) of claim 1 or 2, wherein the con-
nection (126) comprises a first connection current
collector (106), a separator (108), and a second con-
nection current collector (116) that are stacked on
each other along a second direction perpendicular
to the first direction.

5. The battery (140) of claim 4, wherein:
the first cell (102) comprises:

a first electrode (100) comprising a first current
collector (104) and a first active material (122)
coated on a surface of the first current collector
(104); and
a second electrode (110) opposite to the first
electrode (100) and comprising a second cur-
rent collector (114) and a second active material
(124) coated on a surface of the second current
collector (114); and
the second cell (103) comprises:

a third electrode comprising a third current
collector and a third active material coated
on a surface of the third current collector;
and
a fourth electrode opposite to the third elec-
trode and comprising a fourth current col-
lector and a fourth active material coated on
a surface of the fourth current collector.

6. The battery (140) of claim 5, wherein the first current
collector (104), the first connection current collector,
and the third current collector are electrically con-
nected.

7. The battery (140) of any one of claims 1 to 6, wherein
the connection (126) comprises a porous structure.
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8. The battery (140) of any one of claims 1 to 7, wherein
the connection (126) comprises one or more strips
extending from the first cell (102) to the second cell
(103), wherein the one or more strips are parallel to
each other along the first direction.

9. The battery (140) of any one of claims 1 to 8, the
connection (126) comprises a connection packaging
film, greater than the distance between the first cell
(102) and the second cell (103).

10. The battery (140) of any one of claims 1 to 9, wherein
at least one of the first cell (102) and the second cell
(103) has an arc structure.

11. The battery (140) of any one of claims 1 to 10, where-
in the connection (126) comprises a tab (207, 217).

12. The battery (140) of any one of claims 1 to 11, where-
in the connection (126) comprises a concave struc-
ture that is thinner than the first cell (102) and the
second cell (103).

13. The battery (140) of any one of claims 1 to 12, where-
in the first cell (102) comprises a stacking cell (610).

14. The battery (140) of any one of claims 1 to 12, where-
in the first cell (102) comprises a jelly-roll cell (620).

15. A wearable device, comprising:

a battery (140) according to any one of claims
1 to 14; and
a bendable part (182), the connection (126) of
the battery (140) being located at the bendable
part (182).
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